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LOW-SPEED UTEFUiG CONTFtOL CHARACTERISTICS OF AN UNSWEPT 

By Willim M. Hadaway 

A lateral-control  investigation has been made in  the Langley 19-foot 
pressure  tunnel of an unswept WLng having 6-percent-thick hexagonal a i r -  
f o i l  sections,  aspect ratio 4.0, and taper r a t i o  0.625. The w i n g  was 
mounted on a circular  fuselage with a fineness ratio of 10 t o  1. C h a r -  
ac ter is t ics  of both a 0.40 semispan outboard aileron and a 0.79 semispan 

of 0.79 semispan leading-edge flaps and 0.39 semispan trailing-edge 
flaps were also determined. The data  include  aileron normal-force, 

as force measurements  by the standard six-comgonent balance system. A 
theoretical  aileron  effectiveness  value Cz8 of 0.00132 compared with 
an experimental  value of  0.00250 fo r  the plain wing equipped with  the 
0.40 semispan aileron. Comparisons of the  rates of change of the hinge 
moment with aileron  deflection and  angle of attack as well a8 of 
the unswept wing with  those of an unswept wing of aspect r a t i o  2.5 
having the same wing area, taper  ratio, and airfoi l   sect ion are also 
presented  herein. 

c aileron were investigated a t  a Reynolds n e e r  of 6.2 X lo6. The effects 

Y hinge-moment, and aileron balance-chaniber-preseure measurements as well 

cz8 

INTRODUCTION 

As part  of the  study of the low-speed characterfstics of wings s u i t -  
able for supersonic spee&s, a lateral-control  investigation has been made 
of an unswept, modified  double wedge w i n g  of aspect  ratio 4.0 in the 
Langley 19-foot  pressure tunnel a t  high Reynolds numbers and low Mach 
mmibers. Lateral-control  investigations have been conducted previously 
for  wings of similar p h n  form and airfofl section ( ~ A C A  investigations 

-le and by Noel K. Delany and Mora-Lee F. m e r  and a t  the -gley 
Laboratory by James E. Fitzpatrick and Robert L. Woods ); however, there 
fs a scarcity of data pertaining t o  aileron hinge moments. aileron normal 

r conducted a t  the Anmes Laboratory by Ben E. Johnson, Jr . , and Red A. 

I 
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'Sorces, and aileron  balance-chamber  pressures.  This  paper  presents 
force  measurements  as  well as aileron  hinge moments, normal forces, and 
balance-chamber  pressures.  The  tests  included  measurements of both 8 

0.79 semispan and an outboard 0.40 semispan  aileron. The eflects of 
leading-edge  droop  and  part-span  trailing-edge  flaps on the  outboard 
aileron  effectiveness  were also investigated. A l l  tests  were  made w i t h  
a cylindrical  fuselage  attached to t h e  wing. No analpis is  presented 
herein. 

SYMBOLS AND c o m c m s  

The  data  are  referred  to wind axes  wfth  the  origin  at 25 percent 
of  the mean aerodynamic  chord  projected  to  the  plane  of  symmetry. 
Symbols and  coefficients  are  defFned aa follows: 

S w i n g  &rea 

A aspect  ratio 

x taper  ratio 

s, deflection of nose flap,  deg 

6f deflection  of  trailing-edge flap, deg 

6a deflection of aileron,  deg  (positive when trailing  edge  is 
down ) 

CL lift  coefficient, Lift/qS 

c, pitching-moment coefficient, Pitching moment/qSF 

Cn yawing-moment  coefficient, Y R S K L ~ ~  moment/qa 

c43 
C2 rolling-moment  coefficient, ROIJAII~ moment/qSb 

PR 

aileron  hinge-moment  coefficient, mnge  moment/wq 

resultant  pressure  coefficient i n  aileron  balance  chamber 
corrected to complete  sealed  condition, 

below seal - pressure  above 
Kq average 

K =( Pressure difference  across seal 
Pressure  difference  across vents 
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Q 

- 
C 

b 

ca 

V 

P 

- C 

a - 

aynamic pressure, pV2/2, lb/sq f t  

mean aerodynamic chord, - 

aileron span, ft 

moment mea of aileron behind hinge =ne, taken  about  hinge 

axis, q b a  c* ay, cu f t  
2 

aileron chord  behind and perpendicular to   a i leron hinge 
line, f t  

free-stream  velocity,  ft/sec 

density of a i r ,  slugs/cu f t  

local wing chord, ft 

angle of attack of wing root  chord, deg 

ra te  of change of aileron hinge-moment coefficient with angle 
of a t tack  a t  Ea = 0' 

ra te  of chasge of aileron hinge-moment coefficient with 
aileron  deflection  at 6, = OO 

ra te  of change of presaure  coefficient with aileron 
deflection  at  6a = 0' 

ra te  of change of pressure  coefficient with angle of attack 
at 6, = Oo 

ra te  of change of rolling-moment coefficient with afleron 
deflection at 6, = 0' 

aileron nomw.,l--force coefficient, NO- force/qS, 

aileron  area behind  hinge =ne, sq f t  

Reynolds  nmfber, pE/w 

coefficient of viscosity, slugs/ft sec 
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MODEL AND TEST APPARATUS 

Details of the wing model, fuselage, and aileron are presented i n  
figure 1. The 6-percent-thick  solid-steel wing had an aspect r a t i o  of 
4.0, a taper  ratio of 0.625, and a sweep angle of Oo at the 50-percent 
chord l i ne  and had neither dihedral nor twist. The symntetrical hex- 
agonal a i r foi l   sect ion had 11.4Z0 leading- and trailing-edge  angles 
and the upper and lower surfaces of each wing  sectfon were paral le l  
between the 0.30 chord l ine  and the 0.70 chord l ine.  The wing WM 
equipped with rounded t ip s .  The fuselage w-as of circular  cross  section 
and had a fineness  ratio of 10 t o  1. The wing-fuselage combination 
was used throughout this investigation and the wing was mounted  on the 
fuselage longitudfaal  center  line a t  Oo incidence. No f i l l e t s  were 
used a t  the wing-fuselage juncture. 

The leading edge of the wing could be drooped from 0.16b/2 t o  
0.95b/2. The plain  aileron w&s a constant 25 percent  of the wing 
chord  and extended from  0.16b/2 t o  0.95b/2 on the le f t  wing. The 
aileron was spUt at 0.55b/2, and the outboard and inboard segments 
could be deflected  individually o r  together. 

The inboard aileron could also be deflected in combination with 
the inboard f l a p  on the right wing t o  simulate  0.39/2  trailing-edge 
fhps as can be seen i n  the photograph presented in f-lgure 2. 

Four strain-gage beams, two on each segment, connected the  aileron 
t o  the wing. The aileron hinge moments and aileron normal forces were 
measured by resistance-type  strain gages mounted on each of the  four 
beam. 

A flexible seal was installed between the w3ng and the  aileron 
from O.l6b/2 t o  O.gSb/Z. Four pressure  orifices above  and four below 
the aileron seal were installed a t  various spandse stations  in  the 
basic wing just forward of each aileron segment and were connected by 
flexible  tubing t o  a manometer board for  the determination of pressure 
differences  across  the  seal  during  the  tests. The right  whg was not 
equipped with a sea l  between the wing proper and the flap.  

T h e  photograph of the test   setup  (fig.  2 )  shows the three-support 
s y s t e m  employed during  these  tests. 

Tests 

The tests were made in  the Langley 19-foot  pressure  tunnel  with 
the air i n  the tunnel compressed to appmximntely 2 1  atmospheres. The 

3 - 
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The leading-edge flaps were deflected 300 in combination w i t h  the 
part-span  trsiling-edge flaps deflected SOo. The deflection  angles were 
chosen t o  permit a comparison with data  obtained from an unswept wing of 

'aspect r a t i o  2.5 having the same w i n g  area,  taper  ratio, and airfoil sec- 
t ion  as that of the subject wing. These flap deflections were also con- 
sidered  representative of the most favorable  deflection  angles  tested  for 
a w ~ n g  of sw a i r f o i l  section and aspect ra t io   ( ref .  1). 

Measurements of moments and forces, aileron loads, h€nge momegts, 
and aileron balance-chmiber preesure wereOmde for  each configuration 
through the angle-of-attack range from -4 t o   a p p m ~ t e l y  25O and 
for  various  aileron  deflections fram -25O to +25O - A dymnic pressure 
of 80  pound^ per sqyare foot, corresponding t o  a R e y n o l d s  nzmiber of 
6.20 X lo6 and a ~ a c h  nlmiber of o .E, was maintained for most of the 
t e s t  conditfona. 'Aileron binge m n t s  and norm&l forces exceeded the 
limits of the measuring instrument f o r  a few madmum negative a i l e ron  
deflection  angles a t  low angles of attack and nmximm poaitive aileron 
deflections at  high angles of, attack;  therefore, for these  anglee  the 
dynamic pressure w88 Lovered t o  60 pounds er square foot, which corre- 

This small Reynolds rimer change had no appa;rent effect on the trends 
and magnitudes of the data. presented. 

c sponded to a Reynolds m e r  of 5.36 X 10 and a Mach mriber of 0.13. 8 

The lift snd pitching-moment coefficients (fig. 3) have been 
corrected for air-streammiealinement and for  support tare  and inter- 
ference  effects. The aynamic pressure has been corrected for  b l o c w e  
i n  the test  section. Jet-bounda3y correctiom, based on the method of 
reference 2, have been applied t o .  the angle of attack but were found 
t o  be negligible f o r  the pitching-moment coefficient, yaxing-moment 
coefficient, and rolling-moment coefficient and were not applied. 

Variations of rollhg-moment and yming-moment coefficients  at  
8a = 0' through the  angle-of-attack range were obtained f o r  both the 
plain wing and the wing with leading- and trailing-edge flaps deflect&. 
A check run, d e  fo r  the plain" configuration, showed U t t l e  change 

coefficient of both plain-wing rum at 8, = Oo were averaged and 
applled  as  tares to  the rolling-moment and yawing-moment data. Sfmflarly, 

edge f l ap  configurations a t  Sa = 00 were applied as tares t o  the 

L i n  the e t u d e  of moment-coefficient VRriatiOns (fig. 4). The mnmallt 

- the YRWTII~- and rolling-moment coefficients of the  leading- and trailing- 
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flapped  configurration data. The moment coefficients  indicated a t  
E a  = OO are due t o  air-stream mtsa+mnent  across the tunnel test 
section and possible sldght model asymnetry. 

A calibration of  the aileron-seal leakage  before the tes t s  were 
made indicated that average ratios K of pressure  differences  across 
the s a  were 0.871 and o .844 of the pressure  differences across the 
vents f o r  the full-span and the outboard aileron,  respectively. The 
same seal  w&8 used f o r  a l l  tests and the two conversion factore K 
were used t o  convert the pressure  differences across the  seal   to  pres- 
sure differences  acrosa the vents i n  order t o  approximate a balance 
chaniber with a perfect  seal. The seal  leakage was attributed t o  the 
discontinuity of the  seal along the aileron spas a t  the  strain-gage 
beam position and the openings around the ends of the 0.79b/2 aileron 
and at the split   section dividing the two aileron segments. 

After the tests had been completed., another seal   calibration 
indicated IC values t o  be less  than 3 percent lower than on the prevl- 
oua calibration  for both the 0.7gb/2 and the outboard 0.40b/2 aileron. 
T h i s  percentage is considered t o  be within  the  accuracy of the calibra- 
t ion and it ?m,s been determined that the small dlfferences  in  seal 
calibrations had a negligible  effect on the % values corrected  to 
a perfect  sealed  condition. 

REms 

The basic  aileron  data are presented i n  fi-6 5 t o  7 and the 
results have been summarized i n  figure 8. The outboard aileron  effec- 
tiveness of the plain wing a t  an angle of attack gf 0' w'a8 calcu- 
lata t o  be 0.00132 from the method of reference 3 as compared with 
the  experimental  value of 0.00150. The addition of leading- and 
trailing-edge f laps  decreased the experimental Cz6 slightly in   the 
angle-of-attack range below 6' Ebnd increased f o r  angles of attack 
greater  than 6' (fig. 8). . The aileron  effectiveness of the plain ~ i n g  
w a s  increased  substantially by the w e  of the 0.7gb/2 aileron a t  all 
anglee of attack  for which Cx8 was measured. The aileron  effective- 
ness of the outboard aileron with leading- and traiUng-edge flaps 
deflected however, was greater beyond an angle of attack of approxi- 
mately 12 than that of the plain wing with either 0 . 7 9 / 2  aileron or 
outboad 0.40b/2 aileron. 

c1 6 

% 

b 

A camparison of aileron  effectiveness d u e s   f o r  the unswept wing 
of aspect ra t io  4.0 w i t h  an unswept wing of aspect r a t i o  2.5 having the 
same wing area, taper ra t io ,  and airfoi l   sect ion is presented in  f igure 9. 

- 
m. 



NACA RM L53A29 ” 7 

c 
As eqected, the aileron  effectiveness of the  aspect raxio 4.0 w3ng is 
greater than that of the  aspect  ratio 2.5 wing through most of the linear - l i ~  range for d l  three test configurations. 

Comparisons of C& and C% values of both wings are presented 
in figures 10 ana ll.. 

Langley Aeronautical Laboratory, 
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Langley Ffeld, Va. 
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i l l  iH+ 

: f i o n  A - A  

Figure 1.- Geometry of the model Etna aileron details. All dimensions 
axe in inches unless otherwise noted. A, 4.0; S, 28 square feet; 
A, 0.625. 



C t I I 

.. . . 



... . . .. . . . -  

Figure 3.  - c-1~01~ of lFft and pitching-mcsnent coefficient of the subject 
aspect ratio 4.0 wing with that of a wing of aspect ratio 2.5 having the 
s a m  wing area,  taper ratio,  and a h f o i l  section. 8f = 50'; B, = 300. 

I 

.. .. . .. . . .. . . . " .  

. 



NACA RM L53A.29 

.O/ 

- .O/ 

. o/ 

-.O/ 

.O/ 

-. o/ 
. 01  

-.O/ 

0 Original run 
6 Check run 

Leading and t r a i l i n  - 
edge flaps defleote8 

Leading and trailing-edge  flapa deflected 

- 4  0 4 8 /2 16 PO 24  
Q?, d@Q 



12 c NACA RM L53A29 

.04 

473 

.02 

.O/ 

0 

4 
7 0 .  

-03 

-.04 

(a) Variation of C, and CZ with a. 

Figure 5 .- Varia t ion  of hY C z Y   C h ,  p R y  and C N ~  with a; 

0.40b/2 outboard aileron. Plain wing. 
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Figure 5 .- ContQued. 
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( c )  Vaziation of % and C~S, w i t h  a. 

Figure 5 .- Concluded. 
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(b) Variation of C w i t h  a. h, 

Figure 6 .  - Continued. 

. 
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Figure 6 .- Concluded. 
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.U/ 

(a) Variation of Cn and Cz with a. 

Figure 7 .- Varriation of C,, Cz, pR, and %a wfth angle of attack; 

O.79b/Z leading-edge flaps, 0.39b/2 trailing-edge flaps, 0.40b/2 outboard 
aileron. 6f = 50°; 8, = 30°. 

- 
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(b) Variation of C k  with a. 

Figure 7 .  - Continued. 
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Figure 8.- The effects of aileron span and leading- and trailing-edge 
flaps on t h e  aileron hinge moment and effectiveness pEaramters Cz6, 

' ~ S Y  ch~ pk= 
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Asgeot  r a t i o  4.0 
"" Asgeot  r a t i o  2.5 

.UO3 

,002 

DO / 

0 

. 

Figure. 9.- Comparison  of afleron  effectiveness of the subject 
28 

aspect  ratio 4 .O wing with that of a wing of aspect r a t i o  2.5 having 
the same area, taper ratio,  and airfoil section. 
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Plain rring 
(0.40 b/2 outboard oileron) 

0 

- Figure 10.- Comparison of ch, of the subject aspect r a t io  4.0 wing 

with that of a w i n g  of aspect ratio 2.5 having the same area, taper 
ratio, and airfoil section. 
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0 A s p e c t  ratio 4.0 

: 004 

,008 

"" Aspect  rat io  2.5 
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5012 \ U 
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Plain winp (0.79 b/2 aileron) 

0.79 b/2 leading-edge f l a p 8  and 0.39 b/2 trailing-edge 
f laps (8n = f O * ,  = 50 ). 0.40 b/2 outboard aileron.  

Figure U.- Camparison of C, of the  subject  aapect  ratio 4.0 w i n g  
6 

with that of a wing of aspect r a t io  2.5 having the same area, taper 
ratio, and airfoil section. - N m - h n g l e y  - 8-20-63 - 925 
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